Aromatherapy with aromatic oils has used traditionally for over a millennium and is widely 
Introduction
The International Pharmaceutical Federation (FIP) has de ned aromatherapy as a Complementary and Alternative Medication (CAM), with a similar position to that of prescription and nonprescription products as healthcare drugs. Little attention is currently given to aromatherapy in pharmaceutical education in Japan. Also, there have been few studies on aromatherapy efficacy using objective evaluation methods, such as NIRS. We previously reported a clinical trial to examine the effectiveness of energy drinks, and found signi cant effects on cognitive ability. So, here we focused on the feasibility of using NIRS as an objective measure. Firstly we examined the effectiveness of aroma oil by using both subjective and objective indicators, i.e., questionnaires and NIRS monitoring, respectively. This study was approved by the Keio University Faculty of Pharmacy Medical Ethics Board. All subjects gave prior written informed consent.
Methods

Aroma oil
Lavender oil by Farfalla Lavendel Fein (Lot No. 031076) was used. Three drops of oil were added to 80 mL of water (2％solution), and the solution was placed in a diffuser (aroma de light, YCHO-JIN, effective space 13.2～24.8 m 2 ). The diffuser was run in a 13.2 m 2 room during the trial.
Subjects
Adults from 22 to 28 years old working in the Faculty of Pharmacy in Keio University campus were recruited to participate. Participants who disliked lavender aroma were excluded. Ultimately fourteen participants were selected for the study.
Duration of study
This trial was undertaken in Keio University
Faculty of Pharmacy (Tokyo, Japan) in January through February 2011.
Evaluation items
The following test items were evaluated under control and aromatherapy conditions. 1) Motivation, feeling of drowsiness and general fatigue were evaluated on a subjective scale in self-reported questionnaires.
2) Categories in multi-dimensional fatigue inventory-20 (MFI-20) were completed.
3) A NIRS apparatus (compact size, portable wearable near-infrared spectroscopy appliance, Hitachi Ltd.) was used to measure cerebral blood ow. The NIRS headset ts on the front of the head for multichannel monitoring, as illustrated in Fig. 1 . We focused on channels 5, 6, 7, 8 and 9 as regions of interest, as discussed later.
Experimental schedule
In the control run (no aromatherapy), partici- 
Method of evaluation
1) Self-reported questionnaire (Fig. 2) Questions were asked about motivation, feel-ing of drowsiness and general fatigue in a selfreported questionnaire, on ascending scales of 1 to 5. Participants selected and checked only 1 point, which they considered the most suitable.
2) MFI-20 (Table) MFI - . We focused on channels 5, 6, 7, 8 and 9
of the NIRS instrument, corresponding approximately to the frontal cortical area. 
Statistics
Data were expressed as means±standard error.
The control state and aromatherapy state were compared using a two-tailed test implemented in the SAS 9.2 procedure (SAS Institute). The criterion of signi cance was p＜0.05 by the t-test procedure (PAIRED statement).
1) Self-reported questionnaires
Self-reported questionnaires completed by participants were evaluated in terms of numerical values on a 5-point scale. The effects of the aro- 
Results
Background of participants
Among the 14 participants, 5 were male and 9 female. Average age was 23.7±0.3 years (average±standard error).
Self-reported questionnaires
The results on motivation, feeling of drowsiness and general fatigue from the questionnaires are shown in Fig. 3 . No signi cant difference was found.
MFI-20
As shown in Fig. 4 
NIRS
Discussion
The self-reported subjective questionnaire did not show a significant improvement of motivation, feeling of drowsiness or general fatigue in response to aromatherapy. On the other hand, general fatigue and mental fatigue in MFI-20 .
It is interesting that aromatherapy was also benecial for mental fatigue. . Indeed, we found that aromatherapy caused a significant increase of Δoxy-Hb compared to the control in channel 7, corresponding to the dorsolateral prefrontal area of the frontal cortex (Fig. 1) , which is associated with working memory, attention concentration and judgment. This is consistent with a report of increased activity of the inferior frontal gyrus area in the right hemisphere during a logical cogitation task 10) . However, we found no ob- It has been shown that Δoxy-Hb of the right interior frontal cortex is significantly decreased by alcohol, which is known to be a depressant 12) .
This supports the idea that the increase ofΔoxy-Hb in the same area represents an activating effect. It should be noted that NIRS measurement may be influenced by body motion, breathing, headset position, etc. Also, NIRS only detects hemodynamic change near the surface of the brain.
Therefore, fMRI might be a useful approach for further investigation. We found that females showed larger significant decrease of mental fatigue scale in MFI-20 in response to aromatherapy (p＜0.008, data not shown), in agreement with a previous report 11) . It will be important to take into account cognitive gender difference and episodic memory of fragrance in future studies.
Our results indicate that blood flow in the response area associated with right 46 field of Brodmann' brain map was increased. It would also be interesting to do a larger study with more subjects to evaluate the effect of aromatherapy in more detail with different aromas.
